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HE Engineering Experiment Station was established by 
action of the Board of Trustees, December 8, 1903. It is 
the purpose of the Station to carry on investigations 
along various lines of engineering and to study problems 
of importance to professional engineers and to the manu- 

facturing, railway, mining, constructional, and industrial interests 

of the State. 

The control of the Engineering Experiment Station is vested 
in the heads of the several departments of the College of 
Engineering. These constitute the Station Staff, and with the 
Director, determine the character of the investigations to be under- 
taken. The work is carried on under the supervision of the Staff; 
sometimes by a research fellow as graduate work, sometimes by 
a member of the instructional force of the College of Engineer- 
ing, but more frequently by an investigator belonging to the 
Station corps. 

The results of these investigations are published in the 
form of builetins, which record mostly the experiments of the 
Station’s own staff of investigators. There will also be issued 
from time to time in the form of circulars, compilations giving 
the results of the experiments of engineers, industrial works, 
technical institutions, and governmental testing departments. 

The volume and number at the top of the title page of the 
cover are merely arbitrary numbers and refer to the general publi- 
cations of the University of Illinois; above the title is given the 
number of the Engineering Experiment Station bulletin or circular, 
which should be used in referring to these publications. 

For copies of bulletins, circulars or other information 
address the Engineering Experiment Station, Urbana, Illinois. 
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2 ILLINOIS ENGINEERING EXPERIMENT STATION 


I INTRODUCTION 


The United States Geological Survey Technologic Branch has 
conducted at the St. Louis, Missouri, fuel testing plant, a series 
of investigations on the fuels of the United States. These tests 
included a large number of Illinois coals. The results of the 
tests have been published from time to time in a series of govern- 
ment bulletins which contain very full descriptions of methods 
and very complete details of the results obtained. A complete 
list of the government bulletins is given at the end of this publi- 
cation. 

The tests included: 

(a) Steaming tests under boilers 

(vb) Producer-gas tests 

(c) Washing tests 

(d) Coking tests 

(e) Briquetting tests 

(f) Chemical tests for composition and heating values 

(g) Field work tests, sampling tests and a few other minor 
investigations. 

It is the purpose of this circular to present in compact form 
the important results of the government tests so far as these tests 
relate to Illinois coals. The Engineering Experiment Station 
hopes that by bringing together in one circular the tests made by 
the government on Illinois coals, it may doa service to the engi- 
neering, industrial and fuel interests of the State. The compiler 
has presented a few conclusions which seem justified by a study 
of the results recorded from tests already made. It is, however, 
fair to say that in a few cases the number of tests made is 
scarcely sufficient to warrant any general application of the con- 
clusions stated. _ 


II A SUMMARY OF CONCLUSIONS 


The results of the United States Geological Survey tests of 
Illinois coal, presented in the following pages, seem to justify 
the conclusions given below. 


‘1. The chemical properties of the coals tested indicate that 
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on a basis of the volatile-carbon total-carbon ratio , alle 


nois coals tested belong in Class B or Class D*. The maxi- 
mum value of this ratio is 33.4 per cent and the minimum value is 
20.9 per cent. 

2. The average calorific value of Illinois coal is 14319 B. t. u. 
per pound of pure coal (ash and moisture free). Butfew samples 
tested varied from this value by an amount more than 2 per cent. 

3d. The quality of Illinois coal is greatly increased by wash- 
ing. The reduction in ash and in sulphur is as follows:— 


When raw coal contains 8% ash, the reduction in ash is 20%. 
When raw coal contains 12% ash, the reduction in ash is 30%. 
When raw coal contains 16% ash, the reduction in ash is 43%. 
When raw coal contains 20% ash, the reduction in ash is 53%. 
When raw coal contains 2% sulphur, the reduction in sulphur is 13%. 
When raw coal contains 3% sulphur, the reduction in sidphur is 17%. 
When raw coal contains 4% sulphur, the reduction in sulphur is 22%. 
When raw coal contains 5% sulphur, the reduction in sulphur is 28%. 


4. The material rejected by the washing jig contains % coal 
and x noncombustible refuse. 
5. One-fourth of the coal tested may be used for the manu- 
facture of coke. 
6. The evaporative efficiency of Illinois coal when burned in 
a hand-fired furnace under a water-tube boiler averages 62.7 per 
cent. This performance compares favorably with that-of any other 
bituminous coal tested at the United States Geological laboratory. 
7. The evaporative efficiency of Illinois coal is but slightly 
affected by the moisture contained in it. 
8. The evaporative efficiency of Illinois coal decreases as the 
ash and sulphur increase. Each additional per cent of ash and 
sulphur results in 0.4 per cent decrease in efficiency. 
9. The evaporative efficiency of Illinois coal, when burned in 
a hand-fired furnace, decreases as the per cent of fine coal con- 
tained in it increases. 
10. Briquetting improves the evaporative efficiency of Illinois 
coal only when the raw coal is in the form of slack or screenings. 
11. The performance of Illinois coal in a gas producer com- 
pares favorably with that of any other bituminous coal tested at 
the United States Geological Survey laboratory. 
12. The value of Illinois coal as fuel for a gas-producer 


*Professor Parr’s classification of coal, see page 11 of this circular. 
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decreases as the ash contained in it increases and as the caloritic 
value decreases. 

13. In small plants it requires at least two and one-half times 
as much coal to develop one horse- power when used in steam boiler 
service as when used in gas producer service. 

14. Gas producers can be continuously operated with [linois 
coal developing“one electrical horse-power with 1.7 1b, of dry coal. 


Ill THE Coats TESTED 


1. The mining centers and districts of Illinois, recognized by the 
trade and defined with reference to geographical position, have 
been described as follows.* 

(a) Williamson, Franklin, and Perry Counties. Williamson 
County led the production of the State in 1907 with more than 
5,500,000 tons. No. 7, the Blue Band seam, which is from 5 to 
10 feet thick, averaging 9 feet over a large area, is the greatest 
producer. It maintains an approximate uniformity in physical 
character and thickness but varies from place to place in fuel value. 
At Spillertown another seam, 4 feet thick, is mined 60 feet below 
No. 7. This seam is probably equivalent to No. 5 of Saline 
County and may have a wide distribution in the Williamson 
County district. 

(bo) Sangamon, Macoupin, Christian, Logan, and Macon 
Counties. The Springfield district, extending into several adjoin- 
ing counties, has long been one of the most important. Sangamon 
produced more than 5,000,000 tons in 1907. The coal of the dis- 
trict is commonly known as No. 5, though recent work tends to 
contirm the suggestion that there are probably two distinct beds 
mined in this district,-No 5, in the area north of Chatham, and in 
No. 6 south of that town. The average thickness is a little less 
than 6 feet at Springfield, about 4.5 feet at Decatur and from 6 to 
8 feet in Macoupin County. 

(c) St. Clair, Madison, Clinton, and Randolph Counties. St. 
Clair County produced more than 4,500,000 tons in 1907. This 
district, known as the Bellville district, is not sharply set off from 
its neighbors since the same coal bed is mined under similar con- 
ditions in adjoining counties. It is the Blue Band seam and has 
a thickness of from 5 to 7 feet over much of the area. The seam 
is reached by shafts from 100 to 300 feet deep. 


*The Coal Resources of Illinois, by Frank W. DeWolf, Amer. Inst. of Mining Engineers, 
October, 1908, 
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(d) Vermilion County. During 1907 Vermilion County pro- 
duced nearly 3,000,000 tons. It has long been an important area, 
shipping principally to the Chicago market. There are three per- 
sistent seams, two of which are worked. The top or Danville, 
No. 7, appears west of Vermilion river and is mined along the 
outcrop and by shafts from 75 to 200 feetdeep. The other, known 
as the Grape Creek coal, No. 6, lies from 20 to 80 feet below the 
Danville and is the more important of the two. 

(ce) Saline County. Saline County is one of the newest and 
most rapidly growing producers. In 1907 its output was about 
2,125,000 tons, a gain of 125 per cent over 1906. There are two 
seams, No. 7 and No. 5, underlying the northern two-thirds of 
this county and much of Gallatin on the east, each approximately 
5 feet thick and lying 90 to 150 feet apart vertically. 

(f) Fulton and Peoria Counties. Fulton County produced 
more than 2,000,000 tons in 1907 and Peoria about half as much. 
Here the principal seam, called No. 5, is from 4 to 4.5 feet thick. 
Shafts reach the coal at from 75 to 150 feet. In all, seven beds 
are present. 

(g) La Salle, Bureau and Grundy Counties. The La Salle 
district includes three principal counties and produces more than 
5,000,000 tons yearly. The largest production is by long-wall 
mining from seam No. 2, or the Third Vein. The coal averages 
8 feet thick and is of good guality. About 140 feet above it, lies 
seam No. 5. It is about 4 feet thick. About 40 feet above No. 5 
is seam No. 7. This is extensively mined by room-and-pillar 
methods. 

2, The samples tested were procured from 5 of the 7 districts 
described in the preceding paragraph. They were furnished by the 
several coal mining companies of the state free of cost, and were 
shipped to the fuel testing laboratory under the supervision ofan 
expert inspector whose chief care was to secure 4 sample for test- 
ing which fairly represented the normal product ofthe mine. The 
cars were numbered consecutively in the order of shipment, and 
this number has been retained as the laboratory designation of 
the sample. Whentwo or more car lots consisting of different 
grades, such as lump, nut, etc., were shipped from the same mine, 
each lot was designated by a letter. For example, Illinois 11A 
is screened coal, 11B run-of-mine and 11C No. 5 washed coal, all 
from the same mine. 

A complete list of the car-load samples of Illinois coal re- 
ceived and tested is given in Table 1. In this table the location 
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of the mine, the geological bed or seam and the name of the mine 
or its depth are given. Referring tothe table it will be seen that 
fifty-three car samples from thirty-three different mines were 
tested, and that the mines are distributed throughout twelve of 
the principal coal mining counties of the State. The location 
of each mine is plotted on the map, Fig 1. 

A comparison of the coal output of the several localities de- 
signated in paragraph 2, with the number of mines submitting 
samples, shows that the coal tested is fairly representative and 
while it is true that two comparatively important coal producing 
localities are not included, the results of tests should be accepted 
as characteristic of Illinois coal in general. 

3. The plan of the,tests as adopted by the United States Geo- 
logical Survey included a complete chemical analysis of samples 
submitted, an investigation of the advantages of washing, an in- 
vestigation of the coking qualities of the coal, and aseries of boiler 
and gas producer trials. In carrying out this plan each sample 
was tested under conditions as nearly identical as possible, and 
every effort was made to secure results which would admit of di- 
rect comparison. 


IV CHEMICAL PROPERTIES OF THE COALS TESTED 


To determine the chemical properties of the coals tested, 
samples were taken both from the working face of the mine and 
from each car-load shipped. 

4. The mine samples were obtained asfollows: Aftera gen- 
eral inspection of the mine to determine the variations of coal in 
thickness and in quality, two representative points were selected in 
opposite parts of the mine. The face of the coal at these places 
was cleaned in order to remove any weathered coal or powder 
smoke, and a cut made across the face of the coal from roof to 
floor, including all the benches mined and such impurities as were 
not removed in ordinary work. The coal obtained, amounting to 
25 or 30 pounds, was pulverized and quartered down according to 
generally accepted rules, and the sample placed in an air-tight 
ironcan. This was mailed to the chemical laboratory where it 
was received and analyzed within two or three days. 


10 ILLINOIS ENGINEERING EXPERIMENT STATION 


5. The car samples were obtained during the process of unload- 
ing at the testing plant. A quantity never less than 200 pounds 
and often as great as 600 pounds was collected, a shovelful at a 
time from every part of the car. This was thoroughly crushed and 
quartered down until 25 or 80 pounds remained, placed in an air- 
tight can and immediately shipped to the chemical laboratory. 
Here the sample was pulverized and again quartered until a con- 
venient amount for analysis was obtained. 

6. The chemical work included calorific determinations, and 
ultimate and proximate analyses. The calorific value was deter- 
mined in duplicate for each carsample. A determination was also 
made for one of the two mine samples corresponding to each car- 
load. An ultimate analysis was made in duplicate on each car 
sample. The approximate analysis and the determination of sul- 
phur were made for practically every sample that came into the 
laboratory, and were made in duplicate for all car samples. 


food 


7. The results of the chemical analyses are given in Tables 2 
and 8, (p. 12, et seq.) Column 1 gives the laboratory number, Col- 
umn 2 the U.S. G. S. number, Column 8, the coal bed or seam and 
Column 4, the location from which the sample was taken. Column 
5 gives the designation of the sample. The proximate analysis is 
given in Columns 6 to 14. These results are given both for air- 
dry coal (Columns 7 to 10) and for pure coal (Columns 12 to 14). 
The calorific value is given in terms of dry coal in Column 11 and 
in terms of pure coal in Column 15. Referring to the latter it will 
be seen that the maximum value is 14900 and the minimum 13900, 
a range of about 6.7 per cent. The average, however, is 14319 
and but few of the recorded values vary from this by an amount 
greater than two per cent. The ultimate analysis is given in Col- 
umns 16 to 21. For convenience in comparing the results this is 
put in terms of dry coal. Columns 22, 23 and 24 have been calecu- 
lated from the ultimate and proximate analyses. The combustible 
volatile is equal to the difference between the total volatile (Col- 
umn 12) and the inert volatile (Column 23). The inert volatile is 
equal to 100 minus the total carbon, the ash, the water, the sul- 
phur and the available hydrogen all divided by 100 minus the ash 
and water. The ratio of the volatile carbon to the total carbon 
(Column 24) is equal to total carbon as shown by the ultimate anal- 
ysis minus the fixed carbon as shown by the proximate analysis 
divided by the total carbon. 


FUEL TESTS WITH ILLINOIS COAL fell 


The values included in Columns 22, 23 and 24 have been cal- 
culated in order to make possible a classification based on the 
ratio of volatile carbon to total carbon. This is the classification 
suggested by Professor S. W. Parr, and, in brief, is as follows.* 


VC 


Anthracite Proper..... Ratio on below 4% 
Anthracite! Semi-Anthracite....... Ratio 1” between 4% and 8% 
Semi-Bituminous...... Ratio VC netween 10% and 15% 


Rati VO 
Al atio | from 20% to 32% 
Inert Volatile from 5% to 10% 


Ratio TC trom 20% to 27% 
Inert Volatile from 10% to 16% 


B 


Bituminous Proper 
CoaL . 


C Ratio ee from 32% to 44% 
Inert Volatile from 5% to 10% 


D| Ratio Y* from 27% to 44% 
Inert Volatile from 10% to 16% 


Ratio ie tron 27% up 
Inert Volatile from 16% to 20% 


Ratio a Com 27% up 


Brown Lignites 
Inert Volatile from 20% to 30% 


Black Lignites 
§ 
l 


It will be seen that in this system of classification all samples 
of Illinois coal tested fall in one of two divisions, bituminous B 
and bituminous D. In Table IV (p. 18) they have been arranged in 
the order of their volatile-carbon total-carbon ratio. Referring to 


Column 2 of this table the minimum value of the ratio is 20.9 


and the maximum 33.4. The inert volatile calculated on the pure 
coal basis varies from 12.5 to 16.3. 

The classification of the several coal beds or seams of the 
state as used in the state coal reports has often been questioned; 
nevertheless it is of interest to note that in so far as the present 
tests can be taken as an index, seam No. 7 falls in Class B, and 
seam No. 6 falls in Class D. Furthermore if, as has been pointed 
out, (paragraph 2, section b, Chapter II) certain of the Blue Band 


*Composition and Character of Illinois Coals, by S. W. Parr, Illinois State Geological Sur- 
vey, Bulletin No. 3. 
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coals of Sangamon County in reality belong to Seam 6 instead of 
5, Class B would also include all coals tested from seam No. 5. 
The single sample from Seam No. 2, (U. S. G. S. 18) falls in Class 
D, well up towards the lignites. 


TABLE IV 


CLASSIFICATION OF ILLINOIS COAL ON THE BASIS OF THE 
VOLATILE-CARBON AND TOTAL-CARBON RATIO 


; Ratio of Tere 
U.S. G.S.| Volatile | volatile | - Coal 
Number Carbon (Pure Coal Class |Bed or 
to Total Basis) Seam 
Carbon 

i 2 3 4 5 
28 20.90 12.50 B 7 
6 22.20 13.35 B 5 
3 22.50 12.20 B th 
16 22.90 12.50 B ie 
19 23.00 12.30 B 7 
12 23.63 12.20 B 7 
21 Pasa 16.30 B 6 
13 24.70 13.00 B ib 
11 24.77 12,00 B Zi 
34 25.40 12.90 B 5 
10 26.20 13.30 B 7 
24 26.90 12.50 D 6 
20 26.90 13.60 D 6 
29 VF13 13.50 D 5 
31 27.60 13.10 D 6 
4 28.30 12.30 D 6 
9 29.00 13.00 D 6 
22 29,20 12.70 D 6 
23 29.30. 13.30 D 6 
25 29.20 13.40 D 6 
15: 29 50 13.20 D 6 
26 29 80 12.50 D 5 
27 29.80 13.50 D 6 
8 80.30 12.70 D 6 
14 30.60 12.40 D 5 
30 31.00 14.00 D 6 
33 31.00 12.80 D 7 
18 31.80 12.70 D 2 
ia 32.0 12.95 D 6 
1& 2 33.40 12.95 D 6 


V WASHING TESTS 


8. The equipment for the washing tests of Illinois coal consists 
of one modified Stewart jig and one jig especially designed for 
the laboratory, a Cornish tooth-roll crusher, an adjustable-mesh 
bumping screen, and bins of suitable capacity for storing the coal. 
The Stewart jig, shown in Fig. 2, provides for the washing of 
coal not exceeding 14 inches in diameter. The special jig may be 
used for larger sizes. It is of the center-plunger type, that is, 
the plunger is directly beneath the screen. Its upward stroke 
causes the pulsation, and its downward stroke, by an arrange- 
ment of valves at the side of the jig body, admits the water sup- 


FUEL TESTS WITH ILLINOIS COAL 19 


t 


ply. The screen is 4 feet wide by 5 feet long and is constructed 


of No. 10 wire set 1-16 inch apart. The length of stroke and the 
depth of the coal bed are adjustable. 


Fie. 2 STEWART JIG (PROF. PAPER 48, p. 1460) 


9. The tests involved the weighing of the raw and washed 
coal, and the refuse. Samples of the coal were collected before and 
after it was fed to the jig. These were sent to the chemical lab- 
oratory for analysis. Altogether 31 tests were made on 24 kinds 
of coal. 

10. The results of the tests are given in Table 5. Column 1 of 
this table is the U. S. G. S. coal number, Column 2 the jig used 
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and Column 3 the size of the coal. The proximate analysis of the 
raw and washed coal is given in Columns 4 to 11. The weight of 
raw coal tested is given in Column 12 and the washed coal pro- 
duced in Column 13. Column 14 gives the refuse expressed in per 
cent of raw coal fed to the jig. 


11. The improvement in quality of the coal effected by wash- 
ing is well shown in Columns 4 to 11. For example the percent 
of ash content is, in every case, decreased by washing. This is 
shown graphically in Fig. 3. In this figure the per cent of ash 
in the washed coal is plotted against per cent of ash in the raw 
coal. The average line shows that by resorting to the process of 
washing, it is possible to reduce the ash content from 22 per 
cent to 8.7 per cent and from 10 per cent to 6.9 per cent. Hx- 
pressed in per cent the amount of reduction is as follows: 


When raw coal contains 8% ash, the reduction is 20%. 
When raw coal contains 12% ash, the reduction is 30%. 
When raw coal contains 16% ash, the reduction is 43%. 
When raw coal contains 20% ash, the reduction is 53%. 


Per Cent of Ash in Washed Coal 


Per Cent of Ash in Raw Coal 


Fig. 3 REDUCTION oF ASH DUE TO WASHING 
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In a similar way the reduction in sulphur due to washing is 
shown in Fig. 4. Referring to this figure it will be seen that: 


When raw coal contains 2% sulphur, the reduction is 13%. 
When raw coal contains 3% sulphur, the reduction is 17%. 
When raw coal contains 4% sulphur, the reduction is 22%. 
When raw coal contains 5% sulphur, the reduction is 28%. 


oa) 
ne 


C 


ws 


Per Cent of Sulphur in Washed 
bho 


Per Cent of Sulphur in Raw Coal 


Fic. 4 REDUCTION OF SULPHUR DUE TO WASHING 


In bringing about this improvement in the quality of coal by 
washing, much good coal which can not be recovered is carried 
off with the refuse from the jig. For example, the tests show 
that, based on the average of all tests, the refuse amounts to 16.8 
per cent of the raw coal. The ash in the raw coal is 12.6 per cent, 
but in the washed coal this is reduced to 8.34 per cent, therefore 
12.6 — 83.28.34 or. 5.7 per cent is the ash content in the refuse. 
It appears, then, that the material thus discharged is made up of 
about $ pure coal and # ash. 


FUEL TESTS WITH ILLINOIS COAL : PRS 
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12. The ovens in which tests of the coking qualities of the 
coal were made are of the regular beehive pattern. Originally 
they were arranged in a battery of three, two of standard size, 
12 feet in diameter, by 7 feet high, and the third 12 feet in diam- 
eter by 6 feet 4 inches high; later, however, one of the standard 
ovens was removed. Since the two remaining ovens may be con- 
sidered as end ovens, that is, those placed at the ends of the bat- 
tery, the results obtained are directly comparable. 


13. The tests—To prepare the coal for test it was finely 
crushed in a Williams mill. It was then placed on the larry and 
delivered to the oven. The larry used when the work was begun 
had a capacity less than one ton. This necessitated the filling and 
emptying of the larry six or eight times before the charge was 
complete. Each portion thus had time to emit a large amount of 
gas and often to burst into flames before the next portion of the 
charge was added. ‘This resulted in much injurious cross lami- 
nation of the coke in many of the earlier tests. Afterwards when 
a larger larry was installed and the time of charging reduced 
from one hour to less than seven minutes the laminations and 
cross-breakage disappeared. 

Directly after drawing the charge the ovens were closed for 
a period of one or two hours during which time they were allowed 
to gather heat for the next charge. 

A sample of coal was taken at regular intervals as the charge 
was emptied into the larry. The total weight collected was 40 or 
50 pounds. A sample of coke was taken from 5 different parts of 
the oven, one piece 2 feet from the oven floor, one 2 feet from 
each side on a line drawn from the center of the oven, one from 
the center of the oven, and one 2 feet from the back wall. The 
separate pieces of coke extended the whole height of the charge 
and were as nearly uniform in size as possible. 

14. The results of the tests are given in Table 6. Column 1 of 
this table is the test number, Column 2 the U. S. G. S. number, 
and Column 8 the size as shipped to the laboratory. The proxi- 
mate analysis of the coal and coke produced from it is given in 
Columns 4 to 13. Column 14 gives the weight of coal in the 
charge. The coke produced in per cent of the weight of the coal 
charged is given in Column 15, and the per cent of breeze in Col- 
umn 16. The total yield as given in Column 17 is the sum of the 
coke and breeze produced. A brief description of the physical 
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properties of the coke produced is given in Column 18. 

In reviewing the results of the tests as set forth in Table 6, 
it should be remembered that the necessary routine work involved 
in the testing of so many coals made it possible to make but few 
tests on each coal. The data presented, therefore, show the 
results obtained under conditions which of necessity had to be 
controlled by observations made from time to time as the coking 
proceeded, a procedure which tended to make the conditions of 
operations by no means ideal. 

Of the 37 tests made with Illinois coal 9 resulted in the pro- 
duction of comparatively good coke and 14 in the production of 
a poor grade of coke. The remaining 14 samples apparently proved 
to be non-voking coals. Referring to the approximate analyses 
of the coke produced it will be seen that in a number of cases the 
quality of the coke is by no means inferior, though in all cases the 
ash and sulphur content is slightly greater than is desirable. 
Seven samples (11D washed, 18, 13 washed, 16, 22B washed, and 
29 washed) were successfully used in a foundry cupola. 


VII StTBAMING TESTS 


15. The apparatus comprising the plant for steaming tests con- 
sisted of two standard Heine water-tube boilers equipped with 
hand-fired furnaces and an Allis-Chalmers Corliss engine oper- 
ating a 200 kilowatt Bullock generator. A plan and elevation of 
one of the boilers and its setting are shown in Fig. 5 and the 
general appearance as set up in the laboratory in Fig. 6. 

The equipment used for testing the boilers provided conveni- 
ent and accurate means for measuring the coal and water and for 
making all observations of pressure, temperature, etc., specified 
in the boiler testing code of the American Society of Mechanical 
Engineers. It consisted principally of water-weighing tanks, 
scales, charging cars, sampling cans, apparatus for analyzing flue 
gases, pressure gages, calorimeters, thermometers and draft 
gages*. 


* This apparatus is described in detail in‘‘Professional Paper No. 48°’ United States Geolog- 
ical Survey. 
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The principal dimensions of the boiler and furnace are as 
follows:— 


Length of drum....... SAGs eerie oa MLCCUic sce eS 
Inside diameter of dina. Ae oh oe cadence meer 
Number of tubes, 11 falies Meh oy uW hipee wide. ee lle) 
Outside diameter of tubes............<... inches. Se toe) 
Dab ae PUI MAC Onesies tok, n uot as oi.can se 6) LOCU ees ce awe «OMG 
MCA Or Ol ED CE ett i. ov hn tae co 2 LOCbss yo cate ODS 
Mean -neight of furnace: ...2...2.+..-.+..iches :...... 26,00 
Grate area. cs Peis oe a SOU Ale, [eCb.. 29 4Ons 
AK Gh a ee ae irae iat ee an ere mere serene Bee O11 77 
Water-heating surface in tubes.............square feet. ..1897 
Water-heating surface in water legs........square feet... 91 
Water-heating surface in shell.............square feet... 48 
Total water-heating surface.. Peace SOUT Leetw.c0au 
Ratio of heating surface to erate area. SUE Ungale seasgeeente fase nao ee 


16. The Tests. Since the establishment of the fuel testing 
division of the United States Geological Survey, more than 500 
boiler trials have been made, and of these, 112 involved the use 
of Illinois coal. Tests were made with each of the 84 samples 
submitted, the coal being used either in its natural state or in the 
form of briquets, or both. A number of tests were also made 
with washed coal. 

A summary of the principal observed and derived results of 
tests with Illinois coals is givenin Tables 7and8. In these tables 
only such values as have a direct relation to boiler performance 
are included; additional data, however, may be found in the 
reports published by the United States Geological Survey.” 

17. The description of the coal tested given in Table 7, Column 1, 
of this table is the serial number of the test and is useful as a means 
of identification. 'The number describing the location from which 
the sample was taken, is given in Column 2 and the number of 
the coal bed or seam, in Column 8. The size of the coal is given 


* Bulletin No, 332 and Professional Paper No. 48. 
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in Columns 4 to9. The size as shipped (Column 9) was not always 
the same as that used in the tests since in some cases it was 
crushed or screened after it was received. The actual size as 
determined from samples taken during each test is given in pre- 
cise terms in Columns 5, 6, 7 and 8, and the average diameter 
calculated from these data is given in Column 9. The proximate 
analyses (Columns 10 to 14) were made from samples collected 
for each test and are given in the tables in terms of coal as fired. 
Calorific values were not determined for every test. The values 
given (Column 15) were calculated from the proximate analysis 
and the calorific value determined from the car sample, on the 
assumption that the B. t. u. per pound of pure coal (ash and mois- 
ture free) is the same for each car load shipped to the testing 
plant. 

18. The nerformance of the boiler and furnace is given in Table 
8. Column 17 gives the average boiler pressure in pounds per 
square inch. The standard pressure was 75 but it will be seen 
that the values given vary from 68 to 81. The draft above the 
fire (Column 18) was measured in inches of water. In some tests 
it was as great as .8 inch; the average however, isa little less 
than .2 inch. 

The furnace temperature (Column 19) was observed with a 
Wanner optical pyrometer. The results given are averages of a 
number of readings which varied over a considerable range 
throughout the test. The lowest temperature recorded is 1887° 
and the highest 2829° F’. 

The rate of combustion in terms of dry coal fired per hour, 
per square foot of grate surface (Column 20) is, for most tests, 
about 25 pounds. This rate, it will be seen, is sufficient to evap- 
orate, in most cases 5+ pounds of water from and at 212° F. per 
\square foot of heating surface per hour (Column 21) or 100 per 
cent of the rated horse-power (Column 22). 

The evaporative efficiency is given in Columns 23, 24 and 25. 
In Columns 23 and 24 the equivalent evaporation per pound of 
coal as fired and per pound of dry coal, respectively, is given. 
The values given in Column 25 represent the over-all efficiency, 
that is, the ratio of the heat absorbed by the water in the boiler 
to the potential heat in the coal fed to the furnace. It is evident, 
therefore, that this is the best measure of the value of any parti- 
cular fuel for steam generation since it expresses the exact pro- 
portion of heat purchased in the form of coal which can be con- 
verted into useful energy in the form of steam. Referring to the 
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TABLE 8 STEAMING TESTS—PERFORMANCE OF BOILER 
AND FURNACE 


) a 8 Equivalent i 

3 I. S538, 3 Pounds of ® Bs 

- on g 38 aeg| BS Water Evap-| 23 ae 
Bj zs Bo ae On S 30 orated from iS) ® Ba 
: an 3 Be SOS 120 wo] Be and at 212° BF. oe fag 
S oo | SE Sa eS BRa| 38 PerPound | 628 2g8 
Ow o ona en a wo BR ona 
=a fy a5 oy ae 23 om op > 
aa Pa Sa Bh 2G e886 ae Sao Tae 
a oe ee 32 SOS Occ wwe =3 Oo | ROS 
Ba) #3) 89 | San |e8te] gs | 82 | Fa | BS | Pam 

a Ben . n sont o i>} 

MO Re | Be ge eed ee | Ok es eee 

S Qs jaa) Os —) a 

1 16 17 18 19 20 21 22 23 24 25 
18 re .18 1887 24.90 | 3.59 100.7 | 6.51 7.21 58.73 | 4.85 
19 oe 15 ele 22.36 | 3.57 100.1 7.16 | 8.00 61.47 | 4.38 
38 hs 21 ie 21.23 | 3.41 95.5 | 7.35 | 8.04 60.39 | 4.34 

48 iy .16 ae 19.84 | 2.92 81.9 | 6.38 | 7.34 57.27 | 4.7 
50 “ 21 aire 23.13 | 3.36 94.2 | 6.36 | 7.27 56.36 | 4.80 
Hi ov 23 ay 22.34 | 3.30 92.5 | 6.43 | 7.40 61.64 | 4.72 
106 | 75 25 2213 25.94 | 3.39 95.3 | 5.56 | 6.56 49.64 | 5.32 
Some, 50 Ne 17.24 | 2.81 78.7 | 7.03 | 8.16 65.51 be 
314 | 68 .07 2359 24.81 | 3.42 95.9 | 5.99 | 6.91 55. 14 ae 

122 | 72 .30 pay 20.08 | 2.19 61.4 | 5.44 | 6.08 58.71 5.7. 
129 | 73 24 a 19.92 | 3.19 g9.6 | 6.70 | 8.02 60.84 | 4.36 
142 | 81 16 Pe: 20.07 | 2.97 83.3 | 6.65 | 7.44 61.39 | 4.70 
143 | 79 18 hs 18.74 2.69 75.5 | 6.46 | 7.20 62.01 4.85 
146 | 67 22 a 20.21 | 2.68 75.2 | 6.64 | 7.40 64.45 | 4.72 
516 | 79 ne Ae 31.99 | 3.70 £037) Hine O5ue le Dio) 54.88 | 6.03 
101 | 83.5 .B2 ane 28.82 | 3.21 90.1 5.39 | 6.22 49.86 | 5.61 
102 | 78 25 38.36 | 3.62 101.5 | 5.58 | 6.39 51.41 5.46 
103 | 81 27 2218 26.53 | 3.61 101.1 | 5.94 | 6.81 52.59 | 5.13 
104 | 80 .19 2155, 23.22 | 3.01 84.4 | 5.7 6.50 50.28 | 5.37 
105 | 78 125 2220 30.26 | 4.08 1143 195293: 0) S375 51.92 | Seay 
113 | 75 .20 saa 25.60 | 3.05 85.6 | 5.68 | 6.66 49.67 | 5.24 
121 75 19 ee 26.60 | 3.57 100.0 | 6.69 | 7.49 58.15 | ° 4.66 
492 | 76.5 .16 cent 22.52 | 3.50 98.2 | 6.65 | 7.79 62.50 | 4.48 
107 | 76 .B2 2229 21.00 | 3.20 89.9 | 6.76 | 7.65 59.44 | 4.56 
108 | 76 Pi ae 22.24 | 3.13 87.6 | 6.39 | 7.04 53.60 | 4.96 
109 | 78 .29 rae 21.46 | .2.96 88:0—1" 6.90 | 7.70 60.1 4.53 
110 | % .26 ee 20.66 | 2.48 69.6 | 6.08 | 6.71 50.12 | 5.20 
114 | 75 21 Cas 24.93 | 3.52 OSsimepee 7.16 |) Sait 57.82 | 4.30 
17am ce 16 mee SOL OSmm IES aId 88.8 | 7.76 | 8.42 64.51 4.14 
138 | 74 .18 2376 19.94 | 2.97 PEC | vise || thes) 66.08 | 4.20 
ee) || 7a 18 2435, 19.7 3.06 85.9 | 8.02 | 8.67 68.33 | 4.03 
141 | 79 15 <4 Hewat | Bart S753 alll 766M nos 20 64.02 | 4.21 
int Wl YO 28 ee 24.35 | 2.93 82.0 | 6.15 | 6.70 51.18 | 5.21 
112 | 80 27 a 22.36 | 2.90 81.2 | 6.59 | 7.93 54.65 | 4.83 
115 | 76 .26 Pe 22.89 | 3.42 95.9 | 6.83 | 7.49 58.71 4.68 
116 | 76 .22 awale 24.19 | 3.61 101.3 | 6.94 | 7.48 55.85 | 4.67 
117 95.5 .20 Suen 23.80 3.42 95.8 6.71 7.19 55.38 4.85 
118 | 77 .16 hae 23.16 | 3.32 gBeb || e741 te19 54.26 | 4.85 

119 | %5 125 ay 25.70. | Said 105.0 | 6.84 | 7.31 53.97 | 4.7 
120 | 72 .23 aes 25.41 3.55, 99.5 | 7.08 | 7.49 56.27 | 4.48 
312 | 71 il 2400 19.38 | 3.40 95.4 | 7.96 | 8.80 63.60 + 
127 | 73 19 ake 21.49 | 3 35 vir Fists | Aesyl 63.04 | 4.50 
128 | 75 19 ae 21.45 | 3.51 98.3 | 7.54 | 8.19 65.07 | 4.26 
gal Ih ge 19 a 20.87 | 2.91 81.50 | 7.04 | 7.74 64.08 | 4.49 
133 | 81 22 Ae 22.91 | 3.15 SSkO Me T00) merece 62.51 4.55 
135 | 74 mls ti 23.09 | 3.62 TONS) sl) 28860 S075 64.48 | 3.99 
136 | 75 +21 ras 20.77 | 2.91 81.5 || 7:00 tai 63.56 | 4.47 
463 | 81 sail 2490 18.67 | 3.20 89.7 | 7.98 | 8.58 64.44 | 4.07 
132 | 76 .13 nan 22.06 | 3.37 94.5 | 7.67 | 8.52 65.67 | 4.10 
134 | 78 18 ae 22.55 | 3.39 95.0 | 7.58 | 8.39 63.96 | 4.16 
144 | 79 10 20.42 | 3.70 103.8 | 8.20 | 9.08 66.12 | 3.84 

145 | 7 13 20.14 | 3.38 94.7 | 8.37 | 9.86 7.93 | 3.7 
123 | 73 .28 23.60 | 3.10 87.0 | 6.49 | 7.34 59.03 | 4.76 
125 | 74 -20 20.30 | 3.08 86.2 | 6.62 | 7.58 60.37 | 4.61 
130 | 77 14 21.63 | 3.338 9823 |) 6240) tw 58.48 | 4.53 
126 | 69 18 20.44 | 3.11 87.2 | 6.86 | 7.62 62.62 | 4.58 
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TABLE 8 STEAMING TESTS—PERFORMANCE OF BOILER 
AND FURNACE (Continued) 


8 ce re 3 Equivalent a 
iS = oe BESo| go Pounds of He ® 
oe set) = $o ST5d| BS Water Evap- | 2s ae 
aH | &8 ee og |SRNE| Be orated from 80 BAS 
S oo | gE iis SSE |sQmo| MS | andateior | Als | Ags 
a Ha aN o8 ee Vey eel all cee) Per Pound Sc'5 | So 
ey Auk ao Lo Cae |BSSe Se Nazis) Eig a 
d He 7) 5 bt Se (Eee ae Sem Ove 
o 2 As 14 S z ® Ae 
=I ae. es so Sos jastm 86 aa aes 
Seeleae | Se ose este 3G |) se.) be | ee toem 
a Ar | 8 PS |Seen| &2 | Se | a8 | Bs 8 
= gas x Oy | © F a 
| 1 16 17 18 19 20 21 22 23 24 25 
| 
152 75 13 2439 19.63 3.36 94.3 7.57 8.59 63.30 4.06 
150 74 ll iste 19.63 3.56 99.8 8.24 9.08 68.11 3.85 
140 5) 18 ofelefa 18.51 2.86 80.1 7.60 8.61 64.20 4. 
147 72 elif ae 19.53 3.12 87.4 7,57 8.91 63,48 3. 
148 73 olf) Beers 18.86 2.99 83.9 7.06 7.94 59.02 4. 
149 74 14 2060 17.83 3.29 92.2 7,70 9.23 66.36 are 
160 77 alt 2428 18.47 3.07 86.1 7.27 8.33 61.7 a 
161 ek. 20 2080 17.77 3.12 87.6 7.62 8.80 65, 3. 
163 78 17 2227 20.79 3.57 100.2 7.50 8.61 63.63 4, 
170 79 ails} 2039 20.22 3.10 87.0 7.42 8.56 64. 4, 
171 77 pay Aen 20.08 3.23 90.6 Vdd) 8.97 67.06 3. 
175 74 09 2470 20.54 3.73 104.7 8.13 9.10 67. 3. 
204 72.5 ll 2447 20.69 3.50 98.2 8.54 9.45 69. 3. 
205 71 12 2448 20.38 3.38 94.9 8.32 9.27 68. 3. 
420 79.5 12 Sere 19.95 3.35 93.9 7.67 8.40 65. 4, 
423 78,5 14 6950 16.94 2.89 81.0 7.73 8.53 65 4. 
424 83.5 -12 18.67 3.18 89.1 7.81 8.53 66 4. 
425 81 14 19.33 3.32 93.0 7.87 8.61 66 4, 
421 82 etal 19.46 3.30 92.5 7.70 8.48 65 4, 
422 78.5 12 sents 19.46 3.39 95.0 7.88 8.73 67 4, 
292 70.5 -10 2020 15.49 2.37 66.3 6.55 7.66 64 4. 
301 69 30 Ree 24.61 3.54 99.3 6.71 8.04 62 4.¢ 
302 76 aig. 2708 25.69 3.81 106.7 6.91 8.27 63 4, 
315 74.5 16 2499 20.05 3.27 91.6 6.94 8.16 65 4, 
316 69 15 2401 20.05 3.19 89.3 6.76 7.96 62 4, 
318 69.5 04 2508 25.30 4.11 115.3 6.73 8.14 63. 4, 
324 71.5 20 2850 23.08 3.60 100.9 6.91 7.81 65. 4, 
325 72 18 2828 22.61 3.60 101.0 7.14 eaOd 64 4, 
328 71 14 2829 26.73 4.34 121.8 6.97 8.14 60 4. 
306 67 13 2402 18.50 3,01 84.3 6.97 8.15 66 4. 
317 710.5 13 2397 19.63 3.23 90.4 7.02 8.23 62 4, 
321 70.0 27 noha 23.75 3.7 106.0 6.89 7.97 59 4. 
322 74.5 16 24.54 3.80 106.6 6.71 7.76 57 4, 
335 74.5 22 2708 20,49 3.30 92.6 7.09 8.07 63 4.3: 
336 73.5 26 Se 21.48 3.29 92.3 6.71 7.67 58 4. 
337 72 20 ioe 23.63 3.82 107.0 7.00 8.10 62 4, 
338 71.5 21 200 21.36 3.10 87.0 6.38 7.28 56 4. 
339 73 21 ase 23.63 3.54 99) L 6.63 7.50 60 4. 
341 76 B84 Gotd 20.91 2.84 79.7 6.56 7.58 60 4 
342 77 30 . 2264 23.02 3.16 88.6 6.47 7.67 60 4. 
353 78 18 2360 19.83 3.14 88.0 6.66 7.93 64 4. 
354 7h 17 2162 19.26 3.08 86.4 6.75 8.02 66 4.¢ 
459 80 15 2601 18.72 3.13 87.7 7.75 8.36 64 4. 
457 81 16 2606 19.85 3.42 95.9 8.13 8.64 64 4. 
448 79 lds 2862 22.52 3.88 108.8 8.21 8.63 64 4. 
452 82.5 14 2833 21.97 3.94 110.5 8.35 8.98 66 3. 
465 75.5 15 2665 20.35 3,62 101.5 7.65 8.91 65 3. 
460 81.5 18 2759 21.38 3.44 96.3 7.16 8.05 65 4, 
461 80.5 18 2816 22.32 3.72 104.2 7.31 8.34 63 4. 
466 79.5 16 2784 22.32 3.90 109.2 7.87 8.74 66 3. 
511 79.5 19 ere 20.94 3.59 100.7 7.76 8.60 62 4, 
489 7 14 556 21.16 3.49 Sloth 7.06 8.25 64 4, 
491 82 20 bop 21.65 3.56 100.0 7.85 8.24 64 4. 
513 82 10 2465 26.41 3.23 90.7 5.43 6.13 53 5. 
509 82 22 ofan 21.50 3.79 106.2 8.24 8.82 62 Sho 
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values given, it will be seen that but few fall below 55 per cent or 
above 65 per cent, the maximum and minimum etticiency recorded 
being 68.11 and 49.64 respectively. 

In reviewing the results set forth in Tables 7 and 8 it should 
be remembered that they apply only to the performance of a 
hand-fired water-tube boiler of the Heine type and that any con- 
clusions which may be drawn are thus limited. Had it been pos- 
sible to provide a furnace especially adapted to the burning of 
each particular coal, the relative efficiency as established by the 
tests might have been slightly different. The results obtained, 
however, may be accepted as fairly indicative of the value of the 
coals tested. With this in view, then, it will be of more than ordi- 
nary interest to study the effect of the physical and chemical prop- 
erties of the fuel upon the performance of the boiler and furnace 
as set forth in the tables. 

19. Furnace temperature. It will be seen that while the 
results do not show any exact relation between efficiency, furnace 
temperature and rate of combustion, nevertheless they clearly 
indicate that as the rate of combustion invreases, the temperature 
increases, but that efficiency is only slightly affected by change 
in combustion-chamber temperature. A comparison with values 
representing capacity (Column 22) shows that as the combustion 
chamber temperature increases the capacity is increased. 

20. The evaporative efficiency as affected by moisture in the coal 
is not well defined by the results of the tests. While they seem 
to indicate that coals high in moisture generally give low effi- 
ciency it must be remembered that high moisture is often accom- 
panied by high ash content or by poor mechanical structure, 
either of which properties has a more deleterious effect on effi- 
ciency than moisture. That this is true is emphasized by the fact 
that the heat required to evaporate the water in Illinois coal con- 
taining 15 per cent moisture is but little more than 1.5 per cent of 
its total calorific value. 

21. The effect of sulphur and ash upon evaporative efficiency. 
Sulphur is an undesirable element in coal. It generally occurs 
in combination with iron, as pyrites, and in combination with cal- 
cium as gypsum. Of the two sulphur compounds, the former is 
generally contained in larger quantity in coal and is harmful be- 
cause it increases the tendency of the coal to clinker. The clinker- 
ing is especially bad if the percentage of ash is small in proportion 
to the sulphur. In such coals the pyrites and the ash fuse and 
forma thin layer of solid clinker, which effectively stops the 
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passage of air through the grate, thus permitting the grate bars 
to become heated from the hot fuel bed just above. The heat 
warps the grate bars and the clinker has such corrosive action on 
the hot iron that destruction results in a short time. When such 
clinkering occurs, any attempt to slice the fire fails and only slow 
and very difficult cleaning of the fires will remove it. Most IIli- 
nois coals having a large sulphur content are also high in ash so 
that the injurious effect of sulphur is not so pronounced as in 
some other coals. In making the tests it was found that the use 
of steam served to prevent the clinker from melting into the grate 
when the ash and sulphur content is large. 

Referring to Columns 13, 14, and 25 of Tables 7 and 8 the 
decrease in efficiency with increasing ash and sulphur will be read- 
ily seen. In Fig. 7, which shows this relation graphically, efficiency 
is plotted against per cent of ash plus sulphur based on dry coal, 
for all tests run with lump, egg and nut coal. Although many of 
the plotted points lie at a considerable distance from the average 
line, its position and direction are rather well defined. It shows 
that the efficiency drops from 66.5 per cent when the ash plus 
sulphur is 10 per cent to 55 per cent when ash plus sulphur is 80 
per cent. For increases in ash and sulphur beyond 18 per cent 
the drop in efficiency is relatively rapid. 

22. The effect of size on evaporative efficiency. The discussion 
in the preceding paragraph does not take into account the fact 
that size has much to do with the efficiency with which coal can 
be burned, and this is one of the chief reasons for the poor alignment 
of many of the points. The efficiency shown by the same tests 
together with those made with slack have therefore been plotted 
against size, expressed in percent of coal under +-inch in diameter. 
The resulting relation is shown in Fig 8. Here, too, the points are 
widely scattered but the slope of the average line is fairly well 
fixed. Thus a coal giving an efficiency of 66 percent when 10 
per cent of it is under ¢-inch in diameter, will give an efficiency 
of only 62 per cent when 60 per cent of it is under ¢-inch in diam- 
eter. 
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Fig. 9 has been drawn to show the combined effect of sul- 
phur plus ash and size, on the evaporative efficiency of Illinois 
coal. In it lines have been drawn showing the decrease in effi- 
ciency with decrease in size for coals having 10, 20 and 80 per 
cent ash plus sulphur based on dry coal. There are, of course, 
other factors which affect efficiency but the results of the present 
tests seem to point to these as the most important. The lines 
given therefore, may be accepted as defining with considerable 
accuracy, the performance of Illinois coal when burned in a hand- 
fired furnace under a water-tube boiler. 

23. Comparative efficiency resulting from the use of washed and 
unwashed coal.—It has been shown that the process of washing 
Illinois coal is effective in reducing the ash and sulphur content. 
That the evaporative efficiency of the coal thus treated is increased 
follows directly from the facts just developed. Theextent of the 
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improvement is set forth by Table 9. In this table tests are 
grouped in the order of the size of coal used. A comparison of 
the average values given shows that where slack is used washing 
effects an increase of 4.2 per cent in evaporative efficiency, 2.3 
per cent where nut is used, .7 per cent when run-of-mine is used 
and .6 per cent when lumpis used. The extreinely small gain for 


TABLE 9 


COMPARATIVE EFFICIENCY OF WASHED AND UNWASHED COAL 


Uns Gas: Efficiency 
Coal Size 
No. Unwashed} Washed 
1 2 3 4 
1 Slack 58.73 61.47 
fi Slack 58 71 60.84 
10 Slack 50,12 57.82 
Average 55.85 60.04 
9A Ry Om: 50.28 49.67 
12 Peto. 1, 62.51 64.48 
Average 56.40 57.08 
13 Nut 65.67 67.93 
13 Nut 63.96 66.12 
Average 64.68 O7.U2 
23A Lump 66.93 62.12 
18 Lump 64.20 63.48 
18 Lump 69,02 66.39 
Average 63.38 64.00 


the last two sizes named is explained by the fact that, in the pro- 
cess of washing, the coal was crushed to a size under 2 inches, a 
size which has been shown not to be so well adapted to the kind 
of grate and furnace used as the larger size. 


24. Comparison of efficiency resulting from the use of raw and 
briquetted coal.—Of the 112 boiler tests made, 15 tests were run 
with briquetted coal. Comparing the results shown in Table 8 
with the results of similar tests with raw coal, it will be seen that 
in most cases where the raw coal is in the form of screenings or 
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slack, briquetting improves the evaporative efficiency, but where 
itis in the form of egg, nut or lump, but little difference in perform- 
ance results. As in the case of coal in its natural state, effi- 
ciency decreases as the ash and sulphur content increases. This 
is shown graphically in Fig. 10. The rather close alignment of 
the plotted points in this figure is due principally to the uniform- 
ity in size of the fuel. 


EFFICIENCY, PER Cent 


Ash + Sulphur, Per Cent of Dry Coal 


Fie. 10 EVAPORATIVE EFFICIENCY AS AFFECTED BY 
ASH AND SULPHUR IN BRIQUET 


42 ILLINOIS ENGINEERING EXPERIMENT STATION 


25. The evaporative efficiency of Illinois coal compared with 
that of coal from other states, as shown by the United States Geolog- 
ical Survey tests, is presented in Table 10. Only tests with bitumin- 
ous and semi-bituminous coal are here included and the average 
values given are based only on tests which were made under simi- 


TABLE 10 ComMPpARATIVE RESULTS OBTAINED FROM COAL 


FROM VARIOUS STATES 
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MIGTVOLS Aevereciaciareriis, acieenecec Bituminous .......... 52 25 89.6 7.95 62.66 | 12249 
LOW. Aoasitciice oh Osis. TA teclees IBIEUMAINIOUS! eee w cis ctere 5 5 90.7 BAS 59.55 | 11650 
WDEVORANIA, cinererersiais eiviciae ‘wis craves Bituminous: srercices 24 11 89.5 8.23 63.76 12549 
SANSA. sc otiresra cesesiciaeas's Bituminouseaa.. sees 8 6 83.4 8.10 61.26 12780 
INORG CIV terse: sees ee Semi-Bituminous .... 8 3 91.0 9.77 65.41 14417 
IODtueK Yjaccnscss< sates Bituminous ......... 3 3 88.9 8.37 62.82 12883 
IMDISSOUM a cieocve/acicrmiocee Bituminous: coon cscnss 9 7 92.2 7.43 60.18 12246 
ING MCXICOs «| eis.ayouejecrecsteinie IBIGUIMINOUS  scevecieic ee 6 3 104.3 8.28 64.68 | 12507 
ODIO Rr aisle «cies siemationioe Bituminous .......... 18 9 92.2 8.82 64.88 13130 
IPOD RSVIV ADI 6 ct .<iciecicle sine (BGA rOUS vents cee 18 S) 89.9 9.75 66.22 14248 
MONNESSEC 5 oes. eee orjeie | SLEUMOL NOUS) eect cei ees 24 9 102.3 8.81 64.18 | 13261 
AVARE PUTS cwtevseron sonia wrt Semi-Bituminous .... 10 4 94.2 Mis 65.07 14436 
Wiest) Virginia’... .. 04-5... Bituminousand Semi- 
Bitumiinousieca. soccer 36 21 95.5 9.86 65.89 14451 


FUEL TESTS WITH ILLINOIS COAL 43 


lar conditions of operation. Column 1 gives the name of the state, 
Column 2 the kind of coal, Column 8 the number of tests included 
in the average, Column 4 the number of samples of coal, Column 
5 the average rate of power developed, Column 6 the efficiency in 
terms of equivalent evaporation per pound of dry coal, Column 7 
the efficiency in per cent and Column 8 the heating value of the 
coal in B. t. u., per pound of dry coal. The values given in the 
table show that the average evaporative efficiency of Illinois coal 
is 62.66 per cent. This compares favorably with the results from 
any other coal tested and in fact is nearly identical with the gen- 
eral average, 63.1. 


VIII PRoDUCER-GaAS TESTS 


26. The producer-gas plant used for the United States Geolog- 
ical Survey tests of Illinois coal consists of two Taylor pressure ~ 
producers arranged to discharge into a single scrubber, a 
Westinghouse three-cylinder vertical gas engine rated at 235 
horse-power, and a six-pole, 175 kilowatt Westinghouse direct 
current generator. Auxiliary apparatus was provided for meas- 
uring accurately the coal and gas, the steam used by the producer, 
and all temperatures and pressures necessary for a complete 
determination of plant efficiency. The general arrangement of 
the plant is well shown in Fig. 11, and a section through the pro- 
ducer in Fig. 12, (pp. 45, 46). 

The principal dimensions of the producer plant are as 
follows:— 


Producer 
WA PACU VERMNOLSC=[) ONVET. eae tons eevee pete cueisie Gi cers ett fs ystsue ensh aperotete 250 
@utsidendiame terse. ts vere cece ee teh re ee eer eyayers LeCteams 6 420 
JHHGNC CHI tes oh a Be hea Omen COR Ore ein tic ciao Ka feet.... 6.5 
TERSTIEA Oi tine's 6d coo uutots po acon Eee arnt coe acm ORC can feet 15 
FAM CARON NUCI DCO ctvace ecm shes iacrac cours <i sletcte visto square feet.... 38.5 
Diameter of gas delivery Pipes... sus +s cense ss inches... 22 
Type of feed, Bildt automatic continuous feed. 

Economizer 
IDNENONNG? So50 cone Pa ome roa eterna oe feet.... 3 
TIGAN)..000 dp ao unap Sod mame aac oem oo Go bane uaoO feet. 16.5 
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Scrubber 
IDC HIM) PY ROR oe oOOd WS. uEonoogoonoso ands Kv CO Uinta 
ELeTeliteasisccra cia tcieresuaelrorieieae okie nek eieiterenets aero eas feet.... 20 


Material used in scrubber, gas-house coke. 
Tar extractor 


Speed, revolutions per minute. .... 0.5. .22.. 612 e- sme soo oe 1500 
Purifier 

DQG Oe GCOS, oneoss aor aocnvecosanosoce oe te STH fECiind.a PRe 

IS aeOoodaoacdnt OOO COE Sh asueHIDOORBBUOOO oo GasM LG 50 feet.... 3.25 

Material used in purifier, oxidized iron filings and wood shavings. 
Gas holder 

TD TANCHS Tee matarore craters se latesayar date cietettovenetonstele) obeys et ee ley ret tate feeting-u 20 

FCI y oo oa os wei ee yale once cea weaned vieteisn nie epee feeter ums 

CADW ACI bynes ae sed ene seas alojete ma eten Meeleieyetatetcone eerere cubic feet... 4000 


27. The tests were conducted alternately on the two pro- 
ducers, one being charged while the other was in operation. The 
schedule adopted involved two sixty-hour runs per week. The 
first eight or twelve hours of each test were used for bringing the 
fuel bed to a uniform condition. During this preliminary run- 
ning, observations were made as in the regular tests, but the 
record data include only the last 48 or 50 hours, when the run- 
ning conditions were maintained as uniform as possible. Special 
attention was directed to the accurate measurements of the coal 
actually used and charts and checking devices were introduced 
for this purpose. 

Owing to the lack of reliability in the operation of the gas 
engine, many of the tests made at the beginning of the series 
were only of a few hours’ duration; later, however, no difficulty 
was experienced in starting the engine and continuing it in opera- 
tion for a period of 120 hours. During this time two different 
coals were tested. Altogether 30 tests were made involving the 
use of 23 different samples of Illinois coal. 


28. Results of the tests.—The more important observed and 
calculated results of the tests are given in Table 11. Column 1 of 
this table is the laboratory number of the test, Column 2 the 
U.S. G.S. number of the sample tested and Column 8 the size of the 
coal tested. The proximate analyses of the coal as fired are given 
in Columns 4 to 8 and the heating value in B. t. u. per pound of 
dry coal is given in Column 4. The brake horse-power given in 
Column 10 is the power delivered by the gas engine. Column 11 
is the cubic feet of gas delivered by the producer per hour, in 
terms of standard gas, that is, gas at atmospheric pressure and 
60° F. temperature. Column 12 is the calorific value of the gas 
expressed in B. t. u. per cubic foot of standard gas. Column 13 
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is the cubic feet of standard gas per pound of dry coal. Column 
14 is the B. t. u. contained in the gas per pound of dry coal fired. 
This value divided by the heating value of the coal (Column 9) 
equals the thermal efficiency of the producer. Column 15 is the 
pounds of dry coal consumed by the producer per brake-horse- 
power available for outside purposes. 

In comparing the results of the producer tests as set forth in 
Table 11, too much emphasis can not be given the fact that they 
were subjected to absolutely no refinements. With the exception 
of three coals one test only has been made on each kind and grade, 
and the result of each test has, to a great extent, depended upon 
the ability of the operator to discover the best methods of handling 
a given coal within the 8 or 10 hours allowed preliminary to the offi- 
cial test. Moreover, all tests were made on one type and in one 
size of producer, a type designed primarily for anthracite coal, 
and in carrying out the plan of the tests more effort was made to 
develop the required power than to observe the proper relation 
between the gas producing qualities of the coal and the area of 
the fuel bed. 

In spite of all these restrictions it is the opinion of those who 
were in charge of the tests that certain general relationships have 
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been fairly well established. They may be subject to modification 
in the light of future investigations, but the conclusions to be 
drawn from them are sufficiently significant for presentation. 

29. Efficiency as affected by ash in the coal.—The cubic feet of 
gas delivered by the producer per pound of coal fired is, perhaps, 
the most convenient measure of efficiency. Referring to Column 
13, Table 11, it will be seen that in general as the ash in the coals 
increases this quantity decreases. The exact relation for all 
tests made at full load is shown graphically in Fig. 13. In this 
figure, cubic feet of standard gas per pound of dry coal is plot- 
ted against ash expressed in per cent of dry coal. The average 
line is drawn so as to include as many of the plotted points as 
possible. It shows that when the coal contains 8 per cent ash 
the output of the producer is 67 cubic feet per pound of dry coal 
fired and that when ash is 20 per cent the output: is decreased to 
50 cubic feet. 

380. ficiency as affected by calorific value of the coal.—The 
cubic feet of gas per pound of dry coal plotted against B. t. u. 
per pound of dry coal for all tests made at full load is shown in 
Fig. 14. Since the heating value of Illinois coal is very nearly 
inversely proportional to the ash content the relation shown is 
merely a restatement of the facts brought out in Fig. 18. The 
points, however, fall in better alignment. It appears from 
the curve that the output of gas in cubic feet per pound of coal 
increases from 49 when the calorific value is 11000 B. t. u. per 
pound of dry coal, to 65 when the calorific value is 18000. Fig. 15 
shows the efficiency expressed in per cent plotted against the 
heating value of the coal. Here the same rise in efficiency is 
again shown. The average value at 11000 is 58 per cent and at 
13000 it is 76 per cent. 


ILLINOIS ENGINEERING EXPERIMENT STATION 


50 


= 
rc 


IVOD JO GNONOd wad sv AO LHAA OIAND 


14000 


13000 


11000 


B. t, u. per pound of Coal 


CuBiIcC FRET OF GAS PER POUND OF COAL, AS AFFECTED 


Fic. 14 


BY CALORIFIC VALUE OF THE COAL 


STs STS S S = om 
Si Gol es + 1 
a 


LNIOQ wag ‘NHONGOUg AO AONTIOWMAT 


14000 


B. t. u. per pound of Coal 


EFFICIENCY OF PRODUCER AS AFFECTED BY CALORIFIC. 


Fic. 15 


VALUE OF THE COAL 


FUEL TESTS WITH ILLINOIS COAL bil 


31. A comparison of Illinois coal with other bituminous coals. 
A condensed summary of the more important items relating to 
Illinois coals compared with those relating to all other bituminous 
coals tested, is presented in Table 12. The average values given 


A COMPARISON 


TABLE 12 


OF ILLINOIS COAL WITH BITUMINOUS COALS 


FROM OTHER STATES FOR GAS PRODUCER SERVICE 


\ Average of 
Average of 
Tests with All oe 
Til,-Coal /) eee ee 
inous Coal 
! 
Composition of fuel, per cent: 

PIVLOISCUTC ccs ahacnaip ee 10.84 6.82 
Volatile matter. 33.06 33.06 
Fixed carbon... 44.06 49.80 
BNO T i eccieiein el nereisieis 12.04 10.32 
SUTTER cetera ante che ae cet eeastede emai elena visto fe srsiecass cial uci rn peesioe 3.15 2.41 
Bae. per Pound Of OEY COBlmeatsss leisvecs sa oaavie ee antes makin 12000 13150 

Composition of gas, volume per cent: 
WALDONVAIO RIG © se casciecteie fis sete cena re Stalaia ahd Wacayalctea’. wlan reyes HET Mein eee 9.60 9.84 
CERES acto ag and Gbdaio. 0.0 CBs ConbiaOUBpa: — dorenaecdan Quay babe son60r -03 .04 
INTEL OR CIA wos crettteiajas aisiasey sieteray sfe/s cscs clavescajerileleianajcletae'evels <ajeitiacentoracicicna cat ovels me's 56.81 55.60 
EV OP OOUAL DOIG © cole 2 COR PETS ese Oe Seta fae » <cabaiavehen sun ue ue emit wees 8.21 3.30 
CarHOMVMONOKIGE! seh assistance as wlelaciee sess chant Acne Wuepialebser nats 18.31 18.28 
ELVA O SOI yee ce cinarcieiseiste ERE eerie icine veisien) cia ererave. svekelsonvountiasise cee 12.01 12.90 
IB Mb AW DOr LOOb Of SUA GALOIS AS ceiatietalerc erste: acolescists s%a;a/0)4.revevejaualsir mntroun ave 146.5 152.1 

Cubic feet of standard gas per pound of dry coal.............2.2. -eeees 59.1 64.7 

Pounds of dry coal per brake horse power, hour..... 1... cece eee ees 1.36 1.26 


are computed only from tests in which the producer was operated 
at its rated capacity. It will be noted that while the analysis 
shows that the Illinois coal contains 4 per cent more moisture and 
2s per cent more ash the quality of the gas produced is but 


slightly inferior. 


Thus the heating value is 146.5 B. t. u. per 


foot of standard gas when Illinois coal is used and 152.1 when 


other bituminous co 


alis used. The output of gas, measured in 


cubic feet per pownd of dry coal, is 59.1 in the one case and 64.7 
in the other. Comparing the efficiency at the engine it will be 
seen that it requires 1.36 pounds of Illinois coal to develop a 


horse-power and 1. 


26 pounds when other bituminous coals are 


used. This comparison is by no means unfavorable and consid- 
ering the lower selling prices which prevail for Illinois coals the 
very slight difference in efficiency is almost insignificant. 

32. Relative results of steam and producer-gas tests.—From 
theoretical considerations it may easily be shown that it is pos- 
sible for the gas engine to utilize a much larger amount of the 
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RELATIVE AMOUNT OF ILLINOIS COAL USED BY STEAM AND 
PRODUCER PLANT 
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heat supplied than the steam engine. The results of the present 
tests show how much of this saving is realized in practice. 

The ratios of the total coal per brake horse-power hour re- 
quired by the steam plant and producer gas plant under full 
load conditions are presented in Fig. 16. The values representing 
producer plant performance are those of Column 15, Table 11, 
and those representing steam plant performance are calculated 
from those of Column 25, Table 8, allowing 85 per cent as the 
efficiency of the dynamo. It will be seen that the maximum ratio 
is 83.13 and the minimum 1.50 while the average is 2.61. 
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py applying to the Director, Geological Survey, Washington, D, C. The priced publications 
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E. W. Parker, J. A. Holmes, M. R. Campbell, committee in charge. 1905. 172 pp, 10 cents. 

Professional Paper No. 48. Report on the operations of the coal-testing plant of the 
United States Geological Survey at the Louisiana Purchase Exposition, St, Louis, Mo., 1904; 
E. W. Parker, J. A. Holmes, M. R. Campbell, committee in charge. 1906. Inthree parts. 1492 
pp. 13 pls $1.50. 

Bulletin No, 290. Preliminary report on the operations of the fuel-testing plant of the 
United States Geological Survey at St. Louis, Mo., 1905, by J. A. Holmes. 1906. 240 pp. 20 cents. 

Bulletin No, 323. Experimental work conducted in the chemical laboratory of the United 
States fuel-testing plant at St. Louis, Mo., January 1, 1905, to July 31, 1906. by N. W. Lord. 1907. 
49 pp. 

Bulletin. No, 325. A study of four hundred steaming tests, made at the fuel-testing plant, 
St. Louis. Mo., 1904, 1905, and 1906, hy L. P. Breckenridge. 1907. 196 pp. 

Bulletin No. 332. Report of the United States fuel-testing plant at St. Louis, Mo., 
January 1, 1906, to June 30, 1907; J. A. Holmes, in charge. 1908. 299 pp. 

Bulletin No. 334. The burning of coal without smoke in boiler plants: a preliminary re- 
port, by D. T. Randall. 1908. 26 pp. 

Bulletin No. 336. Washing and coking tests of coal and cupola tests of coke, by Richard 
Moldenke, A. W. Belden. and G. R. Delamater. 1908. 76 pp. 

Bulletin No. 339. The purchase of coal under Government and commercial specifications 
on the basis of its heating value, with analyses of coal delivered under Government contracts, 
by D. T. Randall. 1908. 27 pp. 

Bulletin No. 343. Binders for coal briquets, by J. E. Mills. 1908. 56 pp. 

Bulletin No. 362. Mine sampling and chemical analyses of coals tested at the United 
States fuel-testing plant, Norfolk, Va., in 1907, by J. S. Burrows. 1908. 23 pp. 

Bulletin No, 363. Comparative tests of run-of-mine and briquetted coal on locomotives, 
by W. ¥.M. Goss. 1908. 57 pp. 

Bulletin No. 366. Tests of coaland briquets as fuel in house-heating boilers, by D. T. 
Randall. 1908. 44 pp. 

Bulletin No. 368. Washing and coking tests of coal, by A. W. Belden, G. R. Delamater 
and J. W. Groves. 1908. 53 pp. 


